Periprosthetic fracture around total knee arthroplasty (TKA) is a well-described complication. Yet, report of medial tibial plateau stress fracture after unicompartmental knee arthroplasty (UKA) is limited. One case of delayed stress fracture of medial tibial plateau after UKA, which was salvaged by conversion to TKA was reported. To the best of our knowledge, this is the first report related to Zimmer Unicompartmental High Flex Knee system (fixed bearing). The possible reasons were analysed, and tips and tricks to avoid this complication were shared. With reference to our case, osteoporosis should be considered as one of the relative contraindication for UKA. Meticulous surgical technique and avoiding multiple pin holes for tibial tray cannot be overlooked.
Introduction
Unicompartmental knee arthroplasty (UKA) in appropriately selected patients has been shown to be a reliable treatment for early isolated anteromedial osteoarthritis. The expectations of patients are usually higher as their preoperative function is better. However, the procedure is technically demanding. 1, 2 Periprosthetic fracture around total knee arthroplasty is a welldescribed complication. Yet, reports of medial tibial plateau stress fracture after UKA are limited to a small number of case reports. 3e7 The incidence of such fracture is around 0.1e1%, 6 and most case reports are related to mobile bearing type of UKA. One of the reasons is the popularity of mobile bearing UKA in Europe.
We are reporting one case of delayed tibia stress fracture in the early postoperative period in fixed bearing UKA (Zimmer Unicompartmental High Flex Knee system, ZUK; ZimmerBiomet, Warsaw, Indiana, US), which resulted in multiple operations and a devastating outcome. To the best of our knowledge, this is the first report related to this implant from literature. We would discuss the potential reasons for this complication and raise awareness about the problem to prevent future occurrences.
Case Report
A 75-year-old woman presented with 2-year history of left medial knee pain which worsened within a few months. She walked with a stick and could tolerate only 10 minutes on level ground. Besides well-controlled hypertension, she had good health in the past. She did not have history of osteoporotic fracture or documented risk factors for osteoporosis. Her body mass index was 20 kg/m 2 . Her left knee range of motion was from 0 to 125 flexion. Radiograph of her left knee and standing scanogram showed isolated medial compartmental osteoarthritis secondary to spontaneous osteonecrosis of medial femoral condyle. Nine degree of mechanical varus malalignment was noticed (Figure 1) .
The standard mini-medial parapatellar approach was performed. A unicompartmental knee arthroplasty (Zimmer unicompartmental High Flex Knee system, ZUK) was performed after confirmation of intact lateral compartment and anterior cruciate ligament intraoperatively. Tibia first technique with extramedullary guide was used. Three pins were used for fixation of tibia jig as suggested by the manual. 4-mm tibial bone was cut. No recut was needed for tibia. Distal femur cut was performed using gap balancing technique. Size of femur was C and tibia size was 1 which was the smallest in ZUK set. An 8-mm polyethylene insert was inserted. The procedure was uneventful. Early postoperative X-ray showed satisfactory implant alignment and position. She was able to walk with frame independently and was discharged on Day 3 after operation ( Figure 2A ).
Four weeks after the operation, she experienced increase in left knee pain during physiotherapy. Radiograph and computer tomography showed a displaced periprosthetic medial tibial plateau fracture with increased varus malalignment ( Figure 2B and C).
Revision surgery was performed 5 weeks after index operation ( Figure 3AeD ). Intraoperatively, the tibial implant was loosened. Synovial biopsy was performed to rule out infection. Previous implant was removed meticulously to preserve bone stock. Open reduction, internal fixation with medial buttress plate was performed, and the bone defect was converted from uncontained to contained. Conventional AO 4.5 mm L plate was used. Additional cancellous screw was used to fix the posterior part of medial tibial plateau to increase mechanical stability. Autologous cancellous bone graft was used to fill up the defect and build up the bone stock. Revision total knee arthroplasty (TKR) by cementless tibial stem and unconstrained polyethylene insert was performed to bypass the fracture and defect. She was advised to have nonweight bearing walking exercise for 6 weeks. Eleven weeks after the index operation, she was able to walk with a quadripod and attended clinic for follow-up independently.
However, she complained of unprovoked left hip pain around 13 weeks after index operation. Radiograph of her left hip showed stress fracture of the neck of left femur. Left hip cemented bipolar hemiarthroplasty was performed. Retrospectively, radiograph of her lumbar spine did reveal multiple osteoporotic collapse. Bone biopsy did not show any pathological lesion. Dual-energy X-ray absorptiometry (DEXA) scan result showed T score of 3.0 (confirm osteoporosis). Secondary osteoporosis was ruled out by endocrinologist. Upon latest follow-up, she was able to walk with quadripod independently. 
Discussion
Periprosthetic tibial fracture after UKA is an uncommon phenomenon but is being reported increasingly. It can occur both intraoperatively 1 or early postoperatively. 4, 5, 8 True incidence was variable from 0.1% 6 to 1%. With the rising enthusiasm and widespread use of UKA, such complication is expected to increase. Management of such complication is not standardised. In rare cases, 6 conservative treatment can be successful for undisplaced fracture. Most of the literature supported operative treatment with screws or plates if implant was well fixed and bone fragment was sizable or revision with total knee arthroplasty if implant was loosen or bone fragment was too comminuted. 1, 3, 4, 5 Difference in severity of bone defect could occur due to fracture or iatrogenically after implant removal which need to be dealt with either by bone graft or metal wedge. Preservation of bone stock is a potential advantage in UKA if the cause of revision is polyethene wear. But revision for periprosthetic tibial fracture usually requires stemmed implant 5,6 similar to our case, which is technically challenging. Prevention is always better than cure. Risk factor identification is utmost important. Risk factors can be classified into patient factors, implant factors, and surgeon factors.
Our case fulfilled the classical indication for UKA including good range of motion, less than 10 degrees of varus malalignment, low activity level and body weight below 82 kg. Osteoporosis was not classically considered as one of the exclusion criteria for UKA. As the patient in our study got stress fracture of neck of femur and multiple vertebral collapses, it reminds us to take osteoporosis into serious consideration. One of the postulated reasons would be stress distribution (Figure 4 ). Slight undercorrection of alignment is our target after UKA, which means the body weight was loaded on the implant. Such alignment reduces the chance of progression of osteoarthritis in the lateral compartment, which has been one of the major reasons for the revision. With a small body build patient, as in our case, only the smallest available tibial tray could be accommodated. Together with the osteoporotic bone quality, such alignment may predispose to overload on medial tibial plateau, and this may end up with stress fracture.
Implant factors also pose specific risk factor for tibia fracture. From the literature, there is no significant difference in the outcomes for fixed or mobile bearing UKA. 9 In Hong Kong, Zimmer unicompartmental arthroplasty is the only available model in the market during operative period. Its feature of cemented modular metal-back tibial tray, gives additional flexibility to adjust soft tissue balance after implant insertion. However, its design with peg and keel for fixation introduces risk of splitting the plateau during insertion into the sclerotic bone. 1 Extramedullary tibia cutting guide with pin fixation will give rise to additional stress risers at pinholes if not placed properly. Multiple attempts or poorly positioned peripheral pin should be avoided. 3, 4 Central pin placement under the tibial spine may avoid the stress concentration under the tibial tray. Overcut by sagittal saw at tibia was proven to be risk factor and must be avoided. 10 Last but not least, the basic principle of proper sizing, positioning and alignment must not be overlooked. 5 A surgeon should be familiar with his implant to prevent this complication. Fast track knee arthroplasty becomes popular nowadays. Early full weight-bearing walking aids fast recovery and reduces hospital stay. However, this increases the risk of propagation of stress fracture under the weak point created intraoperatively. Therefore, a period of protected weight bearing for those with borderline obesity, osteoporosis or a technical error during surgery should be considered. Summary of above risk factors are showed in Table 1. UKA is a technical demanding procedure with steep learning curve. According to Mona et al, 2 the revision risk was lower in hospital performing more than 40 UKA's per year than in those performing less than 10 UKA's per year. With the accumulation of experiences, better case selection and surgical techniques, incidence of complications will be reduced. 
Conclusion
UKA can have promising results only in case of good patient selection and meticulous surgical technique. Delayed tibial periprosthestic stress fracture after fixed-bearing UKA is an uncommon complication. Besides general principle of good implant position and alignment to avoid overloading medial tibial plateau, routine screening for overweightness and osteoporosis should be considered. Surgeon should be familiar with the features of the implant. Position of pinhole while using extramedullary tibial guide must be done carefully. Avoidance of overshooting for vertical tibial cut is important. By implementing all these measures, incidence of such devastating complication would be reduced. 
